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Executive Summary

Over the past decade, the amount of technology available to students has increased
considerably. Internet resources and educational computer software have become more
readily available to students within their classrooms. As a result of these changes, many
educators have begun to ask how to implement aspects of these technologically-advanced
tools and resources into their curriculums. In addition, many districts are actively
encouraging teachers to adopt and put into practice technology-based resources and
applications.

As the Maine Learning Technology Initiative (MLTI) enters its seventh year of
implementation, the need to expand upon the current research is essential. In an effort to
gather information about implementing technology within various educational contexts,
the Center for Education Policy, Applied Research, and Evaluation (CEPARE) at the
University of Southern Maine collaborated with a science teacher from Bristol Consolidated
School to conduct an action research study to determine how the use of technologically-
advanced tools and resources might affect academic achievement and student engagement
in the science classroom.

Pre- and post-assessments illustrated greater comprehension levels among the
students who were assigned to complete a technology-rich project in comparison to
students who were asked to complete a more traditional science project. In addition, a
retention assessment revealed greater retention of information among those who had
completed the technology-rich project. Lastly, student engagement appeared to be higher
among those who were working directly with their laptops to complete their science
projects.

The post-assessment and the student interviews revealed that many of the students
found the technology-rich project to be more challenging and time-consuming; however,
many of the students also agreed that the project was more fun and engaging. These
statements are illustrative of Seymour Papert’s concept of “hard fun”, by which Papert
describes the idea that children enjoy being challenged and that they have greater learning
outcomes when they are given the opportunity to actively construct new knowledge in an
exciting way.






Using Laptops to Facilitate Middle School Science Learning:
The Results of Hard Fun
“It took more effort, but it was more fun”

Alexis M. Berry Sarah E. Wintle

Introduction

Since the fall of 2002, the Maine Learning Technology Initiative (MLTI) has provided
all 7th and 8t grade students in the state of Maine, as well as their teachers, with laptop
computers. MLTI started as a vision of former Maine Governor Angus King to transform the
way Maine had educated students in the past and to prepare students for a changing, more
technologically-advanced world. As the MLTI laptop program has now entered its seventh
year of implementation, the legislature, educators, and researchers alike are curious to
know more about how this technology may be successfully facilitated within various
classroom settings. In particular, many individuals are curious about the impact that the
MLTI program may have on academic achievement and on student engagement within the
classroom.

In order to expand upon the current research and to gather information about
implementing technology within various educational contexts, the Center for Education
Policy, Applied Research, and Evaluation (CEPARE) at the University of Southern Maine
(USM) has collaborated with a science teacher from Bristol Consolidated School, Kevin
Crafts, and his two eighth grade science classrooms. This collaboration was organized to
conduct an action research study in an effort to measure the impact of MLTI integration on
student engagement and academic achievement. As a teacher who believes in the potential
benefits of implementing technology within the classroom, Crafts saw this project as an
opportunity to examine the impacts of his program. This report describes the collaborative
action research project undertaken by Kevin Crafts and CEPARE to help evaluate the
applications of the MLTI laptop program in a science classroom.

Background

Beginning in 2002, the MLTI program provided laptops to all 7th and 8t grade
students and teachers in the state of Maine. In addition, Airport wireless networking,
Internet access, and a variety of educational software has been provided. Furthermore,
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technical assistance and professional development for effectively integrating the laptops
into the classroom curriculum have been provided to educators on an ongoing basis.

Throughout the development of the MLTI program, research has been conducted in
order to provide an ongoing evaluation of the program’s efficacy and value. For example, in
October 2007, CEPARE published a research brief that described the impact of MLTI on
students’ writing skills (Silvernail & Gritter, 2007). In March 2008, CEPARE published a
study that described Maine’s Impact Study of Technology and Mathematics (MISTM), which
examined how professional development might help to improve middle school mathematics
performance (Silvernail, 2008). Additionally, during the fall of 2007, CEPARE worked
collaboratively with Sanford (Maine) Junior High School in an effort to determine whether
or not an intervention to improve students’ website evaluation skills was effective
(Pinkham, Wintle, & Silvernail, 2008). All of these studies have shown that MLTI has been
successful in improving student learning.

In a continuing effort to expand the research on MLTI and student performance,
more information about how this technology may be used in various educational contexts
needs to be gathered. This research project, in particular, focuses on how the MLTI laptop
program may be implemented within a science classroom. More specifically, this report
describes an action research study designed to answer the following research question:

[s the use of the laptops to create narrated animations more effective than having
students create traditional paper diagrams and reports in helping students learn the
concepts related to Earth’s axis angle?

Methodology

Initial project planning meetings took place in June 2008. During these meetings,
CEPARE staff, Crafts, and Bristol Consolidated School principal Jennifer Ribeiro met to
discuss project goals and plans.

Goals of the Project

The primary goal of this research project was to examine how the MLTI program,
more specifically, laptop computers, might impact the academic achievement and general
classroom engagement of students within a science classroom. In particular, student
engagement, student comprehension of the material, and student retention of the material
would be observed. Crafts chose the science unit during which the observations and data

collection would occur. He planned to introduce the concept of Earth’s axis angle and the
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cause for the seasons to both of his eighth grade science classes. One of his classes (Control
Group) would be taught in the traditional manner and would be asked to complete a
traditional paper diagram and report as a final project. The other class (Experimental
Group) would be taught the material in the traditional manner; however, they would have
access to interactive, educational websites for their final project and would be asked to
turn in a narrated animation podcast.

In order to examine how the technology would impact academic achievement and
general classroom engagement, a number of measures were used in the study. First, a pre-
assessment was administered to all of the students in order to establish a benchmark
comprehension level of axis angle concepts. This pre-assessment measured
comprehension, as well as attitudes about science, comfort-level and skill-level with regard
to making animations, and 21st Century skills. In addition, Crafts was asked to complete
daily teacher logs of classroom activities throughout the study. A post-assessment
measured student comprehension and contained several opinion questions, which asked
students to explain what they liked and disliked about completing their science projects. A
retention assessment was also administered roughly a month after Crafts had completed
the unit in order to measure the students’ retention of learning. This assessment contained
questions which were similar to those asked in the pre- and post-assessments, but were
not identical.

In addition to the assessments and the teacher log, observations and interviews
were conducted with both Crafts and his students. These were conducted in an effort to
gather more information about how the technology was being introduced to the students,
to measure student engagement levels, and to gather a better understanding of the level of
student interest regarding the projects.

Project Staff

Kevin Crafts, the science teacher at Bristol Consolidated School worked
collaboratively with CEPARE staff to complete the research project goals. CEPARE staff
assisted with creating the assessments and daily teacher logs, as well as with conducting

interviews, observations, and data analysis.



Experimental and Control Groups

In this research project, Crafts’ two eighth grade science classes served as the
Experimental and Control Groups. After teaching both groups how to create animations on
their laptops during a previous science unit, Crafts began teaching the unit about Earth’s
axis angle. Both classes were similar in terms of prior achievement and both of the classes
received similar instruction with regard to the concepts related to the axis angle of the
Earth; however, the final project assignments differed.

Group A, which consisted of 13 students, was assigned as the Control Group. This
group received traditional classroom instruction during the axis angle unit and was
expected to develop a paper diagram and a report, summarizing their learning.

Group B, which consisted of 12 students, was assigned to be the Experimental
Group. This group was given the same classroom instruction during the axis angle unit;
however, during the time they were given to complete their final projects, they were
provided access to educational websites, such as ExploreLearning.com. In addition, they
were expected to develop a narrated animation podcast as a final project.

Both of Crafts’ classes met once per day for a 40 minute duration. Each class was
given the same amount of time to work on the project during class and the same amount of
time to work on the project at home. Each group was given 3 days to work on the project
during class time and roughly three weeks to work on the project at home. The final
projects for the axis angle unit for both groups had similar expectations of the students:
students were required to create an image of the earth as it revolves around the sun,
demonstrating how the axis tilt causes changes in seasons.

Intervention

Although both Group A and Group B were introduced to the concepts of axis angles
by completing the same lab, using Styrofoam balls and a light bulb, their hands-on final
projects differed. Group A was expected to complete a paper diagram that demonstrated
the Earth’s position as it revolved around the sun. In particular, the students were asked to
use a compass and a protractor to draw the Earth’s axis at the correct angle. In addition,
Group A was asked to draw the Earth with another, different axis angle to demonstrate
their understanding of the concept by completing another application. Throughout the

duration of the project, the students in Group A had access to the Internet via their laptop
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computers; however, they were not formally directed to use any specific Internet
resources. Instead they were given atlases and books to use in order to find temperatures
within specific cities during various seasons.

Group B, the Experimental Group, was directed to complete a narrated animation as
a final project for this science unit. Similarly, Group B was expected to demonstrate the
Earth’s position as it revolves around the sun. In particular, they were expected to explain
how the Earth’s axis angle influences the seasons. This group was also expected to make a
change in the Earth’s axis angle in order to demonstrate their understanding of the concept
and the effect it would have on the seasons. Group B received access to educational
Internet resources, such as explorelearning.com.
Measures
Assessments:

The pre- and post-assessments were designed by CEPARE staff in conjunction with
Crafts. Both the pre- and the post-assessments were designed to measure the following:
comprehension level of terminology and concepts related to the axis angle of the Earth,
attitudes about science, comfort-level and skill-level in regard to making animations, and
21st century skills. The post-assessment was designed to be nearly identical to the pre-
assessment in order to compare possible changes within and between groups. In addition
to the information included in the pre-assessment, the post-assessment also included
questions to gather data about the students’ experiences and opinions about the axis angle
project. In particular, the students were asked to describe the most difficult part of their
project as well as the most fun part. All of the assessments were web-based. As a result,
each child was able to complete the assessments on his/her own laptop during class time.
The pre-assessment was administered before Crafts began introducing the axis angle unit.
The post-assessment was administered after the axis angle unit had concluded and each
child had completed his/her project. A copy of these assessments can be found in
Appendices A and B.

A third assessment was designed in order to measure the retention of learning over
a period of roughly one month, during which neither of the classes spent time covering the
axis angle concepts. This brief assessment consisted of 10 questions written by Crafts. The

questions were not identical to the questions asked in the pre- and post-assessments;
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however, they were designed to measure the comprehension of similar concepts. After
about one month had passed since the completion of the axis angle unit, Crafts asked his
students to complete the retention assessment. A copy of the retention assessment can be
found in Appendix C.

Daily Teacher’s Log:

In addition to the assessments used to gather data about the students, others
methods were also used. Crafts was asked to complete a Daily Teacher’s Log in order to
create a record of daily class activities, occurrences, difficulties, positive experiences, and
teaching outcomes. A copy of the Daily Teacher’s Log can be found in Appendix D.
Interviews:

A pre-interview was conducted with Crafts before he began teaching the axis angle
unit, and a post-interview was conducted with Crafts after the completion of the unit. These
interviews were intended to collect information about class demographics, student
engagement levels, challenges, and benefits of asking the students to complete the specific
projects. Finally, a web conference was conducted with two students from each group to
gather data about general attitudes, challenges, and benefits related to the projects.
Observations:

CEPARE staff conducted a classroom observation on the first day during which the
students in both classes were given class time to work on their final projects. This
observation was aimed at collecting information about student engagement. A partial-
interval data recording form was used to collect information about on/off-task behavior,
which included: manipulation of materials/websites unrelated to the assignment, talking to
peers or teacher about topic(s) unrelated to the assignment, putting head down on desk,
and being out of his/her seat for a reason unrelated to the assignment. Data on three
different students was collected in 15 second intervals for a period of 5 minutes each. Inter-
observer agreement varied from 85% to 100% agreement.

Results
CEPARE Classroom Observations

Classroom observations were conducted on the first day that the students were

given an opportunity to work on their projects during class. A summary of the classroom

observations conducted by CEPARE staff may be found in the Table 1. As shown by the data
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in the table, it is clear that the students in Group B, the Experimental Group, spent more of

their class time engaged in the activity and participating in on-task behavior. In fact, in all

cases, on-task behavior was higher in Group B in comparison to Group A.

Table 1: Pre and Post 7th & 8th Grade SJHS Student
Results
student | OOt was OnTaske
Group A
1 62.5%
2 92.5%
3 55%
Average 70%
Group B
1 100%
2 100%
3 100%
Average 100%

Overall, all of the Experimental Group students were on-task, as compared to 70% of the

Control Group students. During the observation, there was an apparent difference in the

socialization level between the two classes. Group A spent more time socializing and

conversing about topics unrelated to the assignment, while the students in Group B

remained on-task. In addition, there was a difference in classroom noise-level when

comparing the two classes.

Assessment Results

The results of the pre- and post-assessments may be seen in Table 2.

Table 2: Pre- and Post-Assessment Results

Group Pre-Assessment Post-Assessment
Mean of Standard Mean of Standard Assl(:g:rtr-lent
Student Scores Deviation Student Scores Deviation ;
Effect Size
Group A 52.38% 20.52 81.25% 15.94 o1
Group B 42.36% 19.93 90.97% 12.03




Table 2 provides a comparison between Group A and Group B in regard to the average of
students’ scores on both the pre- and post-assessments. Based on the data displayed in
Table 2, the students in Group B answered more questions correctly than the students in
Group A on the post-assessment. In fact, the average of the students’ scores in Group B
increased from 42.36% to 90.97%, while the student’s scores in Group A increased from
52.38% to only 81.25%. In addition, the Effect Size on the post-assessment was .61,
indicating that the Experimental Group students scored approximately 2/3 of a standard
deviation above the Control Group students. Thus, academic achievement of the students in
the Experimental Group was greater in comparison to the students in the Control Group.
The results of the retention assessment may be seen in Table 3. The information in
Table 3 provides a comparison between Group A and Group B in regard to the average of

the students’ scores on the retention assessment.

Table 3: Retention Assessment Results
Group Retention Assessment
Mean Standard Effect Size
Deviation
Group A 63.08% 17.02
1.42
Group B 87.27% 9.04

When comparing the results of the retention assessment, it is clear that the students in
Group B, the Experimental Group, answered more of the questions correctly in comparison
to the students in Group A. Based on the results of the pre- and post-assessment, as well as
the retention assessment, it is apparent that the students in Group B had a higher level of
comprehension in regard to axis angle concepts. In addition, nearly a month after the class
had completed the unit, Group B had a higher level of retention of learning.

Teacher Observations/Interviews

In a post-interview, Crafts stated that both of the groups were relatively engaged
and enthusiastic during the hands-on components of the final projects. However, Crafts
also noted that many of the students from Group A, the Control Group, lost their
enthusiasm and waited until the last minute to complete their reports. On the other hand,

the students in Group B completed the narration component of their projects and their
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animations simultaneously, which appeared to keep the students engaged despite the
demand to gather and present detailed, scientific information. Crafts also stated that the
students in Group B benefited from the access to the educational websites. On
explorelearning.com, the students were able to view a variety of virtual labs. More
specifically, they were able to view interactive animations on the website that modeled
how the sun strikes the Earth at different times throughout the year.

There were, however, some challenges that Crafts faced while his students worked
on the animation podcast project. Crafts did not have a great deal of experience making
animations on the laptops. He stated in the pre-interview that he was still in the process of
creating a practice animation and that he was hoping that in doing so he would run into
some of the same difficulties as his students would and as a result would be able to help
them. In addition, it was harder to check the progress of the students in Group B because
their work was saved on their laptops, rather than on large pieces of paper. As a result of
this difference, it was more challenging for Crafts to catch small errors as the students in
Group B progressed.

Despite the minor challenges that existed with the narrated animation podcast
project, Crafts affirmed that the students in Group B had a richer learning experience by
having to create the animations. He stated that the students in this group seemed to have a
more well-rounded understanding of the concepts. During the post-interview with Crafts
commented about the animation project:

“Well it was a challenge, even for the top students. It was more work and it really forced them
to understand the concept...In the future I'm definitely going to use the animation project in
my class again.”

Student Interviews

Interviews with two students from both the Control and Experimental Groups were
conducted after the projects had been completed. From these interviews, it became clear
that both groups seemed to enjoy the hands-on components of the projects. In particular,
the students in Group A seemed to have a definite preference for the drawing component of
their projects, rather than for the report component. During the web conference interview,
the two students responded as follows to the following question: “What was the most fun

part about the axis angle project?”



“Writing the report was a little more boring. The hands-on part of the diagram was better
though.”
-Student 1 (student interview)
“I liked doing the hands-on part because it was fun and I really like being creative.”
-Student 2 (student interview)

When discussing the project with the students from Group B, they too felt as if the
hands-on aspects of their axis angle assignment made the project more interesting to
complete. In addition, both of the students that participated in the web conference agreed
that making the animation required a richer understanding of the subject matter. They
both described the animation podcast project as being more time-consuming and tedious
than the paper diagram project; however, both of the students agreed that they would have
chosen the podcast project had they been given a choice between completing either of the

projects.

“You can just copy a picture from the book if you make a diagram on paper. But, you really
have to get it to make a whole animation. You have to memorize the script and then you keep
replaying to make sure you got it right.”

-Student 3 (student interview)
“It was fun to make the animations. It was fun because I'm pretty good at it, and it makes the
viewers like it more.”

- Student 4 (post-assessment)
“I like doing podcasts, it's great to work with garage band and is much more fun than creating
a diagram.”

- Student 5 (post-assessment)
“The most fun was creating the little animations for the podcast. It was fun because I got to
use my imagination, and I was drawing.”

- Student 6 (post-assessment)
“I liked it. It was probably more work than doing a diagram but I felt challenged and I like to
be challenged.”

- Student 7 (post-assessment)
“You really have to understand it. You can watch the animation on the explorelearning.com
website, but then you really have to get it to make your own. It took more effort, but it was
more fun.”

-Student 8 (student interview)

Summary

The data gathered from this project suggest that Crafts provided a successful
example of how to integrate technology into a science classroom. In addition, the results of
this project imply that the students who completed the animation podcast project had a
higher level of comprehension, a higher level of retention, and higher levels of engagement
in comparison to the students who completed the paper diagrams and the reports. Thus, it

may be concluded that the intervention used in this project provides an example of the
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successful use of the MLTI laptops within a science classroom in order to increase the
academic achievement and the general engagement of the students.

In addition to the increased engagement, comprehension, and retention of learning,
it appears as if the students in the Experimental Group enjoyed the project despite the fact
that it may have taken more time and effort than the paper diagram and the report. As one
student stated, “It took more effort, but it was more fun”. In his work, Seymour Papert, a
noted mathematician who was part of The Future of Learning Group, organized by a group
of individuals from MIT, found that people learn best when they are given the opportunity
to actively construct new knowledge, rather than having knowledge presented to them.
One day, while working with first-grade students as they learned how to program
computers using the computer language called Logo, a young boy described the work as
both “hard” and “fun”. In a 2002 article, Papert writes,

“Once I was alerted to the concept of "hard fun" I began listening for it and heard it over and
over. It is expressed in many different ways, all of which all boil down to the conclusion that
everyone likes hard challenging things to do. But they have to be the right things matched to
the individual and to the culture of the times.”

This action research project demonstrates that the concept of “hard fun” may have
great implications for educators. With access to the MLTI laptops, teachers have the
capacity to offer their students activities that are both challenging and engaging. In
addition, curricula may be adapted so that it is reflective of the fast-paced, technology-rich
world that we currently live in. As a result, children may be more engaged in the classroom

and may experience higher levels of achievement.
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Appendix A

Pre-assessment Instrument

Demographic Information

1. Are you a:

() mate
() Femate

2. What kinds of grades did you receive last year in school?
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Opinions About Science

3. Below are multiple statements about science. Please mark the response that best
describes what you think/feel about each statement. These are opinion questions.
There is no right or wrong answer.

Strangly Disagres Dzagres MNeitral

1 think that belng & O O O -“5!
O

Strangly Agres

sclantist would be
exciting.

1 would rather listen to Ty O Ty
semesne talk about
science than do a hands-
an science activity.

1 think that science |5
impartant.

1 would rather use

0O
O
OO
O
OO

computers to learn about
sclence than read a
schence book.

1 learn more from
listenlng to the beachar's
explanations than from
dolng experiments and
activities.

O
O
O
O
O

Science Is fun.

My teacher makes
learning science fun and
interesting.

If I dent understand a
sclence toplc | read more
about it in a book.

I enjoy deing activities In
stlence class.

IF I dent understand &
sclence btopic, I can learn

OO0 O QO
OO0 O 0O
OO0 O 0O

more about It en the
Internet.

‘Wa learn about Impoartant
things in science class.
Sclence class projects ane
baring.

I know how to use the
Internet to find
information about

00 00 O 0O
00 00 O 0O

OO0
OXON®.
OXON®

sclence.

u the [nkternet Ty Pt ~
sing the Internet is a 9, [::) O [::) O

good way to learn about

Sclence.

1 usually understand what

we are doing In sclence O O O D O

class,

Science challenges me te ' i —~

use my mind. bt O W O -

1 enjoy using the

compuber In science class, G O {:} O O

I would like to take more iy Pt r‘"‘.

stlence coursas in the o [::) bt [::’l L

future.

1 enjoy doing projects and

ety ) O O O O

Using & computer helps Ej [::} ij [::,l E:j

me understand what [ am
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learning about In science.

4. Different people like to learn in different ways. In your opinion, how do YOU like to
learn about science? Choose the TOP THREE ways that you like to learn about
science from the list below:

I:l Reading frem a sclence text book

I:l Taking notes during sclence class

I:l Doing hands-on sclence activitles

|:| Listening te a teacher talk about science
D Watching videes/animations about sclence
|:| Seeing dlagrams about science

I:l Finding helpful websitas about science
I:l Using & computer ko do sclence activities

I:l Talking in groups about sclence
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Opinions About Animations

5. How did you learn how to create animations on your laptop? (You may check more
than one box if more than one answer applies)

I:l I do not know how bo create animations an my laptap.

I:l I taught myself how to create animations en my laptop.

I:' A friend taught me how Lo creabe anbmations on my laptep.

I:‘ & teacher taught me how to create animations on my laptop.

6. Below are some statements. Again, please mark the response that best describes

how you think/feel about each statement. These are opinion questions. There is no
right or wrong answer.

Strangly Disagres Dizagres Ml Agras Strongly Agree

1 feel comfortable O C:l D

iy laptogp. o o
O @

O @)
O O

Q Q
O O

O Q

[
B
-

1 am excited to make
more animations in the

OO
OO
OO

futiare.
I make animations in my
free time.

OO
ON®
OO

Creating animations
make learning In class
more fin.

Making animations en my
laptap I% :anuslnq.

O
O

1 can create animations
to axplain things to othar
peaple.

OO0
@)
O

-,
-

I c8n creste snimations

O
O

that help me learn about
sclence.

7. In the space below, describe what types of animations you have made on your
laptop:
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21st Century Skills

8. Describe your ability to do each of the following activities:

1 don't Enow how Lo da I can do this, but 1 can do Hhis by myself I can teach okhers how Bo
this sometimes | nead help da thiz
Usze & word processar O D
(ApplaWorks, Word, etc )
to write and print an
assignment
Use 8 spreadsheet to

O
O

enter and calculata
numbers

Use a spraadshest to
craate charks or graphs
Use a database to enber
infermation

Use a database to search
far and sart information
and create reports

Use anline discussions to
gather Information

Uze a-mail te send and
receive messages

Use multimedis software
{Hkce IMovie) to create
products

Use presentation software
(ke Applewarks,
Keynobe, PowerPoint,
Hyperstudio, etc) to
craate Pmuﬂdﬂﬂ-

Use & digital camera iy
H L (:

O 0OCO OO0 O
O 000 OO0 O
O 000 OO0 O
0O 00O OO0 O

L
Ty
L
Yy
L

and/er scanner bo transher
pictures into the computer
Use web authoring
software to create web
pages

Use search engines {like
Goagle, Yahoo, etc.) to
find information on the
Intarnet

Limit or fecus Internet
search results usdng words
like *or®, “and™ or “not”

O O
O O
O O
o O

O
O
O
O
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9. Thinking about your computer use THIS YEAR at school, indicate how much you
agree or disagree with each of the following statements:

Using a laptep helps me
to be better organized.

I am mare likely ba
revise/edit my work when
it is dene on 8 computer.
I do maore work when I
use & computer.

I am better able to
understand my schoolwerk
when | use & compuber.

I am maore interested In
school when I use a
Compuber.

The quality of my wark
improves when [ use a
compuber.

Strongly Disagres

O

-
-

O O 00 O

Disagras

OO0 OO

o O

Semewhat
Dizagres

© O

OO

o O

Somewhat Agres

O 00 OO0

O

Agres

O 00 OO0

O

Strongly fgree

OO

OO

O O

18




Science Comprehension

10. When does the sun strike the equator directly?

O Winber
O Sumrmer
O SpringsFall

11. Why do we experience summer conditions?
O We are closer to the sun when we experience summer.
O The northern hemisphere is tilted toward the sun and the sun's rays are more directly striking the north.

I:::I We have higher C02 levels In the surmmer.

12. What would the seasons be like if Earth was tilted on its side like Uranus?
(::l They would £tay the same.
O We would have extreme winters and extreme summers.

O It would be super windy.

13. When we are experiencing winter, what season is Christchurch, New Zealand
experiencing?

O Winker
O Sprimg
f:_:l Sumrmer

14. What would the seasons be like if the Earth’s axis was not tilted?

O The seasons would be constant year-round and dependent on latitude.
O We would &pérléence mare than 4 E&asons.

O Mobody would exparience winter weather.

15. Why do we experience winter conditions?
O The northern hemisphere Iz tilted away from the sun and the sun's rays are striking the north less directhy.
O We are further fram the sun when we experience winter.

O The COZ level drops drastically during the winter.
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16. What latitude does the sun strike directly overhead at 12:00 PM during the
summer solstice?

O 1.5 degreas Sauth
() 23.5 degrees North
O 47.5 degrees North
O 36.5 degrees South
() 32.5 degrees merth
17. What latitude does the sun strike directly overhead at 12:00 PM during the
winter solstice?
() 47.5 degrees Sauth
() 32.5 degrees sauth
() 51.5 dagrees Merth
() 23.5 degrees Sauth

O 36_5 degreas Morth

18. What day experiences the longest period of sunlight in the northern hemisphere?

O Summer solstice
O dth of July

O Mew yaars day

-~

O Winter solstice
O Spring solstice

19. What day experiences the least amount of daylight in the northern hemispherea?

O Summer salstice
O dth of July

-

O Mew years day

-

O Wilnter solstice

Ii::] Sprimg solstice

20. During the summer solstice, which pole has 24 hours of darkness?

O The North Pole

I:_) The Sauth Pale

20




21. During the summer solstice, which pole has 24 hours of daylight?

:| The North Pobe

N Y

_:l Tha Sauth Pale

o

B

| Bath

Ii::l MNeit her

21




Appendix B

Post-assessment Instrument

Demographic Information

1. Are you a:

) Hae
O remate

2. What kinds of grades did you receive last year in school?
() mostiy a's
() masty Bs
O Mastly C's
() Mastly os

22



Opinions About Science

3. Below are multiple statements about science. Please mark the response that best
describes what you think/feel about each statement. These are opinion questions.
There is no right or wrong answer.

Strongly Disagres Dizagres MNeutral

1 think that being & O O O -“5!
O

Strongly Agree

sclentist would be
exciting.

1 would rather listen to Ty O Ty
somesns talk about
science than do & hands-
on science activity.

1 think that science |5
important.

1 would rather use

0O
O
0O
O
OO

computers Lo learn about
sclence than read a
srience book.

I learn mcre from
listening to the teschar's
explanations than from
doing experiments and
activities.

O
O
O
O
O

Sclence | fun.

My beacher makes
learning science fun and
interesting.

IF I den't understand &
sclence topic | read more
about it in & book.

1 enjoy daing sctivites In
science class,

If I dont understand a
sclence btoplc, I can learn

OO0 O QO
OO0 O 0O
OO0 O 0O

more abaut 1t on the
Internet.

‘Wa learn about Important
things in science class.
Science class projects ane
baring.

I know how to use the
Internet to find
information about
SClanca.

Uszing the Internet is a Ty
L

O00 00 O 0O
00 00 O 0O

OO0
OO
OXON®.

iy
S
Yy
S

good way to learn abouk
stlance.

1 usually understand what
we are doing In sclence
class.

Science challenges me to
use my mind.

1 enjoy using the
compuker in sclence class.
1 would lke to bake more

O
O
O

OO0
ONOR®
O0C0 O O
ONORG
OO00C O O

sclence courses in the
future.

1 enjoy doing projects and
activities in sclence.

Using & computer helps
ma understand what 1 am

0O
O
0O
O
OO

o Q
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learning about In science.

4, Different people like to learn in different ways. In your opinion, how do YOU like to
learn about science? Choose the TOP THREE ways that you like to learn about
science from the list below:

I:l Reading from & sclence text book

I:l Taking notes during sclence class

I:' Doing hands-on schence activitles

I:‘ Listening to a teacher talk about science
I:‘ Watching videcs/animations about sclence
I:' Seeing dlagrams about science

I:' Finding helpful websites about science
I:l Using & computer ba do science activitias

I:l Talking In groups about sclence
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Opinions About Animations

5. How did you learn how to create animations on your laptop? (You may check more
than one box if more than one answer applies)

I:l I do nok know how ta oreste animations an my laptap.

I:l I taught myself how to create animations on my laptop.

D & friend baught me how te creste snimations on my laptop.

D A teacher taught me how to create animations on my laptop.

6. Below are some statements. Again, please mark the response that best describes

how you think/feel about each statement. These are opinion questions. There is no
right or wrong answer.

Strongly Disagres Drizagres Ml fgras Strongly Agree

1 feel comfartable O O D

Watcning O O
O O

@) O
O O

O O
O O

Q O

[}
-
=
[}

O

1 am excited to make
mare animations in the

OO
OR®
OR®,

future.
I make anlmations In my
free time.

OO
OO
©O

Creatlng anlmations
make learning In class
more fun.

-
-
™y
-

Making animations en rmy
laptop |5 confusing.

1 can create animaticns
to explain things to other
people.

OO
O (
O (

I can creste animations

O
O
O

that help me learn about
sclence.

7. In the space below, describe what types of animations you have made on your
laptop:
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Axis Angle Projects

You recently complated a science class project about axiz angles. The guestions on this page relate to that
praject.

8. What was the MOST DIFFICULT part about the axis angle project? WHY this part
difficult for you?

=

-

9. What was the most FUN part about the axis angle project. WHY was this part the
maost fun for you?

-

10. In general, did you ENJOY working on your axis angle project. WHY or WHY
NOT?

26



21st Century Skills

11. Describe your ability to do each of the following activities:

1 don't KEnow how Lo da I can do this, but 1 can do this by myself I can teach okthers how Eo
thiis sometimes | need help da this
Use & word processoar O O
(ApplaWorks, Woard, ebc.)
to write and print an
assignment
Use & spreadsheet to

O
O

enter and calculata
numbers

Usze 8 spreaadshest to
craate charks or graphs
Use a database to enber
infermation

Uze 5 database to search
for and sort information
and create reports

Use online discussions to
gather Information

Uze e-mail to send and
receive messages

Use multimedis software
{Hke IMovie) to create
products

Use presentation software
(ke Applewarks,
Keynobe, PowerPoint,
Hyperstudio, ete ) to
craate pr‘muﬂdﬂ!‘

Use & digital camera iy
d b (:

o OCO OO0 O
O 000 OO0 O
O 000 OO0 O
o 000 OO0 O

S
Ty
s
Yy
L

and/or scanner bo transfer
pictures inta the computer
Use web authoring
software to create web
pages

Use search engines (like
Google, Yahoo, etc.) to
find information on the
Internet

Limit or focus Internet
search results using words
like “ar®, *and” or “not™

C O
O O
O O
o O

O
O
O
O
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12. Thinking about your computer use THIS YEAR at school, indicate how much you
agree or disagree with each of the following statements:

Semewhat
Strangly Disagres Disagras P —
Using a laptep helps me

to be better organized.

O
O QO
oNe

I am mare likely to Yy

revise/edit my work when e

Ik is done aon 8 computer.

I do maore work when [ Ty O O
use& & computer. ot

I am better able to Yy .O D
understand my schoolwerk e

when | use a computer.

I am mare Interested in " O O
school when | use a S

compuber.

The quality of my wark C O O

improves when [ use a
compuber.

Somewhat Agras

O 00 0O

O

O OO0 004

O

ree

Strangly Agree

0O

© O

O O
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Science Comprehension

13. When does the sun strike the equator directly?

O Winter
O Summier
O Spring/Fall

14. Why do we experience summer conditions?
O We are closer to the sun when we experience summer.,
O The northern hemisphere |$ bllted toward the sun and the Sun's rays are more directly striking the narth.

O We have higher CO2 lavels In the Surmmer.

15. What would the seasons be like if Earth was tilted on its side like Uranus?
f::] They would stay the same,
O We would have extreme winbers and extreme summers.

O It weould be supear windy.

16. When we are experiencing winter, what season is Christchurch, New Zealand
experiencing?

O Winter
O Spring
O Summier

17. What would the seasons be like if the Earth’s axis was not tilted?

D The seasons would be constant year-round and dependent on latitude.
D We would experience more than 4 seasons,

O Mobody would experience winter voeather.

18. Why do we experience winter conditions?
O The northern hemisphere |5 tilted away from the sun and the sun's rays are striking the north less directly.
O We are further from the sun when we experience winber.

O The CO2 level drops drastically during the winter.
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19. What latitude does the sun strike directly overhead at 12:00 PM during the
summer solstice?

O £1.5 degress South
O 235 degrees North
D 47.5 degreas Morth

I.':_) 36.5 degrees South

O 325 degreas North

20. What latitude does the sun strike directly overhead at 12:00 PM during the
winter solstice?

O 47.5 degrees South
D 32.5 degrees South
O £1.5 degreas North
O 288 degreas South

O 365 degreas North

21. What day experiences the longest period of sunlight in the northern hemisphere?

D Summer solstice
O Atk of July

O Mew years day

F

O Winter solstice
O Spring solstice

22. What day experiences the least amount of daylight in the northern hemisphere?

O Summer solstice
D dth of July

=

Q Mew years day

.

O Winter solstice

Ii::] Spring solstice

23. During the summer solstice, which pole has 24 hours of darkness?

O The North Pole

I:_j The Sauth Pale

-
Bath
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24, During the summer solstice, which pole has 24 hours of daylight?
I::-:l The North Pale
I::jl The Sauth Pole

-
| Bath

|::] Meither
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Appendix C

Retention Assessment

1. Retention Survey (A)

In the following survey, vou will be asked to complste several multiple choice guestions related to the axis angls
unit that vou completad last month.

Try to do your best wark.

Thank you for your participation.
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2. Axis Angle Project

1. You recently completed a project about the axis angle of the Earth. Which of the
following projects did you complete?

{::] A paper diagram and & regort

O A narrabed animation
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3. Retention Survey Questions

* 1. As viewed from the northern hemisphere, what direction does the Earth revolve
around the sun?

l‘.::] A, clockwise
O B. left to right
O C. right o left

O D. counterclockwlse

* 2. Choose the best description for how the Sun appears during the day in our sky
(44° Morth) in winter and in summer.

O A, The Sun appears about the =ame In bath summer and winber.
O B. The Sun appears higher in the sky in winter than in summar.
I::::] C. The Sun appears higher in the sky in summer than in winter,

O Do It depends if you are 44 North in Amecica, or 44° Norkh Germany.

* 3. Choose the best description for how the Sun appears during the day in the sky at
0° on the Equator in winter and in summer.

O A, The Sun appears about the =ame In bath summer and winber.
O B. The Sun appears higher in the sky in winter than in summar.
O C. The Sun appears higher in the sky in summer than in winter,

O D. It depends if you are O in Africa or 0 South Armerica

* 4. What happens to the strength of sunlight and the amount of daylight hours that

reach us (44° North) as the Earth travels one half way around the Sun from its
Winter solstice (Dec. 21) position?

O fi. The sunlight stays the same.
(:::] B. The strength of the sunlight increases but the length of daylight decreases.
O C. The strength of the sunlight and the hours of daylight decrease.

O D Bath the strength of the sunlight and the hours of daylight Increase.

* 5, If the Earth had no tilt to its axis, what would happen to the strength of sunlight
and the amount of daylight hours that would reach us (44° MNorth) as the Earth
traveled one half way around the Sun from the Dec. 21, position?

O fi. The sunlight would stay the same as the Earth traveled around the Sun.
O B. The strength of the sunlight increases but the length of daylight decreases.
I:::I C. The strength of the sunlight and the hours of daylight decrease.

O D. Bath the strength of the sunlight and the hours of daylight Increase.
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* 6. What month of the year does Christchurch, New Zealand have the longest period
of daylight?

{-_:l A, March
Ii:j B. June
I:j C. September

I:_\_.I D December

* 7. What day or days, do we experience the same amount and strength of sunlight as
someone living 44° south of the Equator?

" .
l‘_\__}l A, December 21
=

I :| B. June 21

e _ .
I‘__:l C. March 21 and Septembear 21

* g. what would happen to the North Pole on June 21 if the Earth was tipped 90° on its
side like Uranus?

Ii__j A, It would recelve direct sunlight,
.

I:‘_JI B. It weuld be very cold

I:_;I C. It would ba In total darkness

Pt
lul Do 1t would be the same as boday.

* 9, when the Earth travels one fourth of the way around the Sun from its Dec. 21
position, how many hours of daylight will we have?

Cl A, about 18
Iij B. about 12
I::) C. about 8

{__j D. about 20

* 10. How many hours of daylight does someone living on the Equator experience on
June 217

)
'\_\__,I A, about 18

-
I -_:l B. about 12

I::j C. about 8

() b abeut 20
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Appendix D

Daily Teacher’s Log
Daily Teacher’s Log
Duration of total class period:
Date: Group (circle one): | # of Students Present: | Time spent teaching/lecturing:
A B Time spent completing
demonstrations/hands-on
activities.
Time given to students to work on
project:

Description of in-class activities:

Concept(s) and terminology you were able to teach today:

Difficulties experienced during class period:

Positive experiences during class period:

General reflections about today’s class period:
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Appendix E

Project Timeline & Tasks

Task Key Participants Dates
Meet with science teacher (Kevin Crafts) in order to CEPARE and science | 9/12/08
develop objectives and goals teacher
Create pre- and post-assessments to measure attitudes CEPARE and science | September
about science, skill-level and comfort-level with teacher 2008
animation programs, 21st century skills, and
comprehension of axis angle concepts
Create a teacher log to help record daily activities, CEPARE September
teaching goals, frustrations and successes 2008
Teach all of the students how to create animations Science teacher September

2008
Conduct telephone interview with science teacher to CEPARE and science | 10/15/08
gather information about the students, to talk about his teacher
teaching goals, and to discuss how he introduced the
animation programs to the students
Administer the pre-assessment to both science classes CEPARE and science | 10/21/08
teacher
Teach axis angle unit to both classes: the children in Science teacher 10/21/08-
classroom A must complete a traditional paper diagram 11/14/08
and report, the children in classroom B must complete a
narrated animation podcast
Fill out a teacher log for each class every day throughout | Science teacher 10/21/08-
the axis angle unit 11/14/08
Conduct observations in both classrooms in order to CEPARE 10/29/08
measure general engagement
Administer post-assessment to both science classes CEPARE and science | 11/20/08
teacher
Conduct telephone interview with science teacher to CEPARE and science | 11/24/08
gather information student engagement, observable teacher
differences, challenges, and benefits to using both
teaching methods
Develop questions for the retention assessment that CEPARE and science | 12/09/08-
measure the students’ comprehension of axis angle teacher 12/11/08
concepts
Conduct web conference interview with students from CEPARE and BCS 12/10/08
both classes in order to gather information about their students
learning experiences
Conduct brief web conference with science teacher in CEPARE and science | 12/10/08
order to further discuss the results of the post- teacher
assessment survey
Administer retention assessment Science teacher 12/16/08
Prepare final report CEPARE January 2009
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Appendix F

Examples of paper diagram projects

111 U177

SEMATL BUIL DN £ o FEMA S ELO IR 18 ‘ ‘! *.
. .. <
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Appendix G

Examples of podcast animation projects

Examples of students’ podcast animation projects from Kevin Crafts’ science class
can be found by following the link below:

http://www.bristol-cs.u74.k12.me.us/Science/Astronomy_and_Axis_Angle_
Podcasts/Astronomy_and_Axis_Angle_Podcasts.html
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